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The content and views presented are made available for educational 
purposes only. The information presented are the opinions of the presenter 
and do not necessarily represent the views of the Society of Diagnostic 
Medical Sonography (SDMS) or its affiliated organizations, officers, Boards 
of Directors, or staff members. 

The presenter is responsible for ensuring balance, independence, objectivity, 
scientific rigor, and to avoid commercial bias in their presentation. Before 
making the presentation, the presenter is required to disclose to the audience 
any relevant financial interests or relationships with manufacturers or 
providers of medical products, services, technologies, and programs. 

The SDMS and its affiliated organizations, officers, Board of Directors, and 
staff members disclaim any and all liability for all claims that may arise out of 
the use of this educational activity. 


Copyright © 2015. Society of Diagnostic Medical Sonography, Plano, TX 


i 




















SDMS Annual Conference, October 1 - 4, 2015, Dallas, TX 


9 / 9/15 



• Review and discuss hemodynamic 
principles. 

• Discuss pulsed Doppler waveform 
characteristics in both venous and arterial 
systems. 

• Discuss and evaluate evidence of 
hemodynamic pathophysiology not directly 
evident in the sonographic examination. 

• Identify pulsed Doppler waveform 
characteristics that may indicate pathology 
located elsewhere in the body. 
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i;.j • What should sonographers know? 

S • Doppler equation 

• Poisieulle’s Law 

• Modified Bernoulli equation 

• Pattern recognition of normal waveforms 
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Normal Arterial Waveforms 

• High resistance 

- Why? 

• Tri or biphasic 

- Pulsatility and 
resistance 

• Low diastolic 
velocity 

- Pulsatility and 
resistance 
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Normal Venous Waveforms 


Spontaneous 

- pump 

Phasic 

- pump to - 

Influenced by ’ :A 

respiration l 

- pump 

Bidirectional in vessels 
closer to the heart 

- Pump, large volume 
Unidirectional in 
extremities 

- Valves, farther from 
source 


Arterial Stenosis 

• High Peak Velocity 

• Increased diastolic 
Velocity 

• Spectral 
broadening 

• Criteria for specific 
vessels 

• Changes Proximal 
and Distal 
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Unusual Waveforms 



mmmm 



Bunny Waveforms 
Cyclical Flow Disturbances 
Extrinsic Compression (Venous) 
Knocking Waveforms 
Pulsus Alternans 

• Pulsus Bisferens 

• Pulsus Paradoxus 

• Tardus Parvus 

• To and Fro Flow 
Transmitted Percussion Waveforms 
Water Hammer Pulse 


. VV 
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RT VERT 


60 * invert 


Bunny Waveform 


What is going on 
here?! 


: ■ 

36 I 
cm/s I 

Mid-systolic deceleration_. 40 ■ 

lA 


Bunny Waveform 


• Pre-subclavian steal 
phenomena 

• One of a spectrum of 
waveform changes with 
varying degrees of 
subclavian steal 

• Provocative maneuvers 
can convert a pre-steal 
waveform to a complete 
steal 

• The Venturi effect: 

- a high-velocity jet across 
the vertebral artery origin 
during systole causes a 
transient pressure drop 
and concomitant flow 
deceleration 



/'s* S 
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Cyclical Flow Disturbance 

• Intra-aortic Balloon 
Pump 

• • A second peak of 
forward flow during 

• systole corresponding 
to inflation 

• of the balloon 

• • At the end of diastole, 
there is transient 

• flow reversal, 
corresponding to the 

• deflation of the balloon 


Diastolic augmentation * Assisted A 

I + 1 
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Knock Knock! 

• Who’s There? 

m 

• No Diastolic Flow 

. 


End diastolic 0 flow 


^ A A r A A A. A /N 
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Knocking Waveforms 


Small, blunt percussive 
waves with little or no 
diastolic flow 

Sampling immediately 
proximal to a vascular 
occlusion 

Dissections: high 
resistance waveforms 
over long segment of 
ICA, 

conspicuously little 
plaque 
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Pulsus Alternans 

• Why would we see 



Copyright © 2015. Society of Diagnostic Medical Sonography, Plano, TX 


12 







SDMS Annual Conference, October 1 - 4, 2015, Dallas, TX 


9 / 9/15 



[cm/*J 


Pulsus Alternans 


Alternating peak systolic 
heights 

with a regular cardiac 
rhythm 

• Intrinsic myocardial 
disease 
(ischemia, 

cardiomyopathy, valvular 
disease) 

• Metabolic disease 
(hypocalcemia) 

• Impairment of venous 
return 

(IVC compression or 
obstruction) 


LT FEM A 3- 


_ 
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Pulsus Bisferens 


• Two prominent systolic 
peaks 

• with an interposed 
midsystolic retraction 

• • Latin for “beat twice” 

• • AR and hypertrophic 
obstructive cardiomyopathy 

• • mid-systolic flow 
deceleration caused by 
either: 

• the regurgitant valve and a 
reflected tidal wave, 

• the rapid ejection of a large 
blood volume 

• creates a Venturi effect in 
the aorta 


+ 
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Tardus Parvus 

• pulsus parvus: 

- diminished peak 

4 

Iy ^ • 1 

• 

systolic velocity 


• pulsus tardus: 

* „ / ; 

- prolonged systolic 

* r* : 

I5W >r IrlMt 1 . 

acceleration, 


• delayed systolic 

k A ft * 

upstroke 

A jrV. ia 

• rounded systolic 

i i « i 1 » i i t i i • • i 1 t « • • 1 • • IH 

peak 
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Water Hammer Pulse 


• Free aortic regurgitation 

• Waveforms mirror the physical 

exam: 

- rapidly rising pulse collapses 
suddenly in late systole 

• Sharp systolic peak, a 
precipitous deceleration of 
flow in late systole, and 
sustained flow reversal 
through diastole 

• Severe aortic regurgitation 

Sharp systolic upstroke 
Normal to t PSV 
Reversal of diastolic flow 
Bilateral 

Improves distally 




Summary 


1. Keep the 
normal physiology 
in mind. 


2. Pattern 
recognition 


3. Re-examine 


the relationships , 
in hemodynamics jjfci** 
and anatomy 

4. What else? and 
Where else? 


It 

tM ■ 
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V *• Images from: CMAJ @ 

n ■ 

• Images from: 

• Society of Vascular Ultrasound: 

^ • https://www.google.com/search? 

site=&tbm=isch&source=hp&biw=1920&bih=971&q=bunny+sign+vertebral 
+artery&oq=vertebral+bunny&gs l=img. 

1.0.0i8i30j0i24.2992.6893.0.9550.15.13.0.2.2.0.101.904.12j1.13.0....0...lac. 
1.64.img..0.15.909.A6YgNMAZI9o#imgrc=9Q0obzwG6VcJMM%3A 
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